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 要  旨 
本研究の目的は，ロボットを用いて斜め包み作業を行うことである．包装紙を用いた
一般的なラッピング作業には，合わせ包み，斜め包み，スクエア包みなどが存在する
中，本稿では現在でも人の手で行われていることが一番多く需要が高い「斜め包み」
を研究対象として選択する．斜め包みとは，包装紙に対して斜めに包む対象を置き包
む包装方法であり，主に使用されている百貨店などでは対象物の大きさによって包装
紙の大小を選択している． 
斜め包みに関して，包装紙の大きさと対象物の初期位置を決定しなければロボットで
どのように進めてよいかが定まらない．包装対象を直方体と定め，その 3辺を基に展
開図モデルを作成し理論的解析を行い，包装紙の大きさと対象物の初期位置等の式を
導出する．そして，使用する包装紙の面積が最小になるよう最小化計算を行い，包装
紙上の対象物の角度を一意に決定した．その後，対象物の大きさである 3辺と対象物
の角度から，幾何学的に導出した初期位置と包装紙の大きさを求めた． 
次に，斜め包み作業の手順は一般的に定められているため，理論的解析をすることに
よって上記の値が決定すると斜め包みの作業過程も自動的に導出可能である．そこ
で，対象物の大きさ 3辺と対象物の角度を用いて，双腕マニピュレータによる斜め包
み作業の動作記述を検討した． 
最後に，検討した動作記述を基にロボットを用いて斜め包みを動作させ，正しく斜め
包みが完了できるかを試した．結果として，認識を用いなかったために多少の誤差は
出たものの全ての手順を通して行うことができ，本研究の条件下において双腕マニピ
ュレータでの斜め包み作業は成功した．さらに成功したことによって幾何学的解析を
用いて動作記述をすることについての有効性を示すことができた． 
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??????????????? ??????
?????????H??W ??????
H
W
w
h θ
? 3.10: ????????????
? 3.11?????????? h?w?? (3.8)?(3.9)??????????????
h = P cos  (3.8)
w = (l2 + c) sin  (3.9)
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Pθ
h
w
l2
c
θ
θ
? 3.11: ??????
3.1.4 ???????
????????????????????? 3.10??????H??W ??????
????????????? 3.12??F?G??????????????????????
????L1? L2???????????????W ????
H?W (L1?L2)????? 3.13???????????????????????W ?
W1?W2?W3?W4?????????????H?H1?H2????????
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L1
L2
θ
F
G
? 3.12: ????????
W1
a
b
c
P
l2
θ
W2 W3
W4
H1
H2
b
c
c
θ
θ
? 3.13: H?W???
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W1 = (a+ c+ l2) sin  (3.10)
W2 = (b+ c) cos  (3.11)
W3 = (a  b tan  + c+ ) sin  (3.12)
W4 = (2b+ 2c) cos  (3.13)
L1 = W1 +W4 + 
= (a+ c+ l2) sin  + (2b+ 2c) cos  +  (3.14)
L2 = W1 +W2 +W3 + 
= (2a  b tan  + 2c+ l2 + ) sin  + (b+ c) cos  +  (3.15)
H1 = P cos  (3.16)
H2 = (2b+ 2c) sin  (3.17)
?????????H??W ????????????????? (3.18)?(3.19)???
????
H = H1 +H2 +  sin 
= (2b+ 2c) sin  + P cos  (3.18)
W = max(L1; L2) (3.19)
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3.1.5 ???
????????????????????????????????????????
??????????????????????????????????????? 3.14
?????????????????????????????????????????
???????????????? ?????????????????????????
????????? 5????????????????????????????
 
? 3.14: ??????
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3.2 ??????????????????????
????????????????????????????????????????
??????????????? a; b; c??????? ????????????????
?????????????????????????????????????????
?????????????
???????????? 4????????????????????????????
????????????????????????????????????????
?????????????????????????????????????????
?????????????????????????????????????????
?????????????????????????????????????????
?????????????????????????????????????????
?????????????????????????????????????????
????????????????????????????????
3.2.1 ????
??????????????????? ????????????????????
????????????????????????????????????????
??????????????? S()??????????????????? ???
??????? S()?????????????????? (3.20)??????????
??????????????????????????????
min S() = HW (3.20)
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3.2.2 ????
? (3.20)??????????? 4????????????
 ?????
? 3.4???? a   b tan ??????????????????? (3.21)????
???????????????????
tan  <
a
b
(3.21)
 ?????
? 3.7????????????????????????????????????
3.9? P2? 0??????????????? (3.22)????
b+ c  a  b tan  + c+ 
tan 
> 0 (3.22)
???? (3.22)???? 2??????? (3.23)???????
tan  >
a+ c+ 
2b+ c
(3.23)
 ?????
? 3.5?????l1? b/3??????????????????????? 3???
???? (3.24)???????
l1 >
b
3
(3.24)
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l2
c
P
s1
θs2
θ
? 3.15: ???????
 ?????
? 3.5???????????????????????????????????
????????????? 3.15? s2?P ???????????????????
4??????? (3.28)???????
s1 = (c+ l2 + P ) sin  (3.25)
s2 = s1 sin  (3.26)
P > s2 (3.27)
P   (c+ l2 + P ) sin2  > 0 (3.28)
33
3.3 ??
??????????????????????????????????????? 3.8
????????? ????? 20[mm]?????????????? 3.6? l2???
?? (3.29)????????????? 2??????????????????????
????????? l2?Q????????????????????????????
??????????????
l2 =
Q
2
(3.29)
3.3.1 ????
5?????????????????????????? ????????????
?????????????????????????????????????????
????????????????? 1?2??????????????????????
????? 5????????? 3.1????????????????????????
?? a; b; c??????????????????????????????????
? 3.1: ??????????????
?? ??????? [mm]
1 239 ? 163 ? 47
2 257 ? 118 ? 55
3 222 ? 196 ? 36
4 262 ? 220 ? 47
5 200 ? 200 ? 50
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3.3.2 ????
???? (3.20)?????????????????????????  ? 0?90 ?
?????0:1 ??????????? S ?????????4???????????
239 163 47????? 3.16??????????????????????? S???
??????????????? ?????????????????????????
???????
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包装紙上での対象物の角度 
? 3.16: ????????????
????????? 3.2????????????????????
??????????????????????????????????????????
??????? 3.17????????????????????????????????
??????????
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? 3.2: ???????????
(????????? [mm]???)
?? a ? b ? c H W h w 
1 239 ? 163 ? 47 411 539 81.7 61.5 48.5
2 257 ? 118 ? 55 419 570 129 98.9 52.4
3 222 ? 196 ? 36 413 569 93.2 54.2 41.3
4 262 ? 220 ? 47 481 657 107 66.0 42.5
5 200 ? 200 ? 50 421 602 116 60.8 36.0
 
 

? 3.17: ??????????
36
3.4 ???
????????????????????????????????????????
?????????????????????????????????????????
?????????????????????????? 4??????????????
?????????????????????????????????????
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?4? ?????????
? 3???????????????????????????? 3?????????
?????????????????????????????????????????
??????????????????????????????????? 3?????
?????????????????????????????????????????
??????????????????????????????????????
4.1 ????????
????????????????????????????????????????
??????????
4.1.1 ?????????????
???????????????? 4.1????Rethink Robotics????????
? Baxter???????Baxter?? 4.2????????? 7?????????????
??????????????????????????????????????????
?????????????? 4.1.2????????????????????????
???????? 4.3???????????? 4[cm]????????????????
????????????
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? 4.1: Baxter?????
4.1.2 ???
Baxter???????????????????? 4.4???? 2??????????
?????????????????????????????ROBOTIS???????
??Dynamixel MX-106R??????????????????????? 4.4?? 1??
????????????????? 2???????????????????????
??????????????????????????????????????
?????????????????????????????????????????
???? 4.5???????????????????????????????????
??????????
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? 4.2: ?????? [1]
40


? 4.3: ????


? 4.4: ???
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? 4.5: ????
4.2 ????????
????????????????????????????????????????
???
4.2.1 ROS
??????4.1?????????????????????????????????
???????????????????????????????ROS(Robot Operating
System)??????ROS???????????? (Node)??????????????
(Topic)???????????????????????????? 4.6?????Node
??????????? Topic????????? (Publish)????????? Topic?
?????? (Subscribe)?? [29] [30]
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


 	

? 4.6: ROS?Node?Topic
4.2.2 ???????
??????? 4.1????Baxter????????????????????????
?????????????????????????????????????????
??????????????????? 4.7????????????????????
????????????????
 tf Base2Box
???????????? box??????????
 tf Base2Box2
???????????? box2??????????
 tf
??????????????????????????????????
	
 	
	

? 4.7: ????
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? 4.8????????????????????????write node????????
?????????????????????????????????????????
???????????Baxter???????????????????????????
?????????????????
 write node
????????????????????????????????????
 end pose node
?????????????????????????????
 ik node
????????????
 exe node
????????????????????
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? 4.8: ??????Node
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4.3 ?????????
?????????????????????????????????????????
??????????????????????????????????????????
???????????? (Start Position)Psp = 0:7[m]????? (Desk High)Pdh = 0:042[m]
????????????? [m]?????????? 0???? 5??????????
???????????????????????????? 4.9????????????
???????4?????????????????3????????????????
??????????????????????????????????????????
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
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? 4.9: ?????????????
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4.3.1 ???
????????????????????????????????????????
?????base???????????????????? Baxter??????????
???box????box2??????????????????????????????
?? 2????????? Baxter?????????????????????????
??????????????? 4.10?????????????? c? 3.1.1??P; l2; 
? 3.1.2???????????????
 base???????????
 box????base(Psp   (P + c+ l2) sin  cos ; (P + c+ l2) sin  cos    P; Pdh)
 box2????base(Psp   (P + c+ l2) sin  cos    a; 0:0; Pdh)


	



	



y
z
x
x
y
z
x
y
z
? 4.10: ???????
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4.3.2 ???
????????????????????????????????????????
??????
????
?????????????????????????????????????????
??????????????????????????? [20]? 3??????????
?? [21]?????????????????????????????????????
??????????????????????????????????? 4.11????
?????????????????????????????????????????
????????????????? 1???????????????????????
?????????????????????????
? 4.11: ????????
????????
????????????????????????????????????????
???????????????????? 4.12??????????????????
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?????????????????????????????????????????
?????????????????????????????????????????
?????????????????????????????????????????
???
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10
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? 4.12: ?????????????
??????
????????????????????????????????????????
?????????????????????????????????????????
??????????????????????????????????????????
????????????? 4.13??????????????????????????
????????????????????????????????? 4.14?? a,b,c,d
??????????????????????? e,f????????????????
???????????????? a,b?????????????? c,d???????
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????????? e,f??????

? 4.13: ?????????
? 4.14: ????????????
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4.3.3 ???????
?? 0?????????????????????????????????????
???????????????? 4.15???????????????????????
???????????????????




? 4.15: ????????
?? 0-1???????????????
PL0 1 = base(Psp   0:3 cos 
4
; 0:3 sin

4
; Pdh) (4.1)
OL0 1 = base(0:9; 0:4; 0:025; 0:0) (4.2)
PR0 1 = base(Psp; 0:0; Pdh + 0:005) (4.3)
OR0 1 = base(0:96; 0:28; 0:032; 0:025) (4.4)
?? 0-2?????????
PL0 2 = base(0:580; 0:4; 0:108) (4.5)
OL0 2 = base(0:135; 0:990; 0:019; 0:020) (4.6)
PR0 2 = base(0:578; 0:182; 0:113) (4.7)
OR0 2 = base( 0:142; 0:989; 0:010; 0:0223) (4.8)
51
?? 0-3????????????????????????? 10[cm]????
PL0 3 = base(0:580; 0:4; 0:2) (4.9)
?? 0-4??????????????????????????
PL0 4 = base(Psp   (P + c+ l2) sin  cos  + b+ 0:05; 0:0; Pdh + c+ 0:02) (4.10)
OL0 4 = base(0:608; 0:653; 0:331; 0:304) (4.11)
4.3.4 ???????
?? 1?? 1?????????? 4.16??????? 1-7?????????????
????????????????? PR1-5?????????????????



	

? 4.16: ?? 1????????
?? 1-1?????????????????????
PL1 1 = base(Psp   (P + c+ l2) sin  cos  + b+ 0:05; 0:0; Pdh + c) (4.12)
OL1 1 = base(0:630; 0:607; 0:347; 0:335) (4.13)
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?? 1-2????????????
PL1 2 = base(Psp   (P + c+ l2) sin  cos  + b+ 0:05; 0:0; Pdh + c  0:015) (4.14)
?? 1-3???????????????????????????????
PR1 3 = base(Psp   (P + c+ l2) sin  cos    0:01;
 (P + c+ l2) cos2    0:05;
Pdh + c) (4.15)
OR1 3 = base( 0:015; 0:876; 0:479; 0:0307) (4.16)
?? 1-4????????????????????????????????????
?????
PR1 4 = base(Psp   (P + c+ l2) sin  cos    0:01;
 (P + c+ l2) cos2    0:05; Pdh) (4.17)
?? 1-5???????????????????????
PR1 5 = base(Psp   (P + c+ l2) sin  cos    0:01;
 (P + c+ l2) cos2  + 0:02; Pdh) (4.18)
?? 1-6????????????????????????????????????
???????
PR1 6 = base(0:67; 0:0; Pdh) (4.19)
?? 1-7????????????????????????????
OR1 7 = base(0:620; 0:608; 0:333; 0:368) (4.20)
? 4.17?????????????????????????????????
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




	

? 4.17: ????????????
?? 1-8?????????????????????????????????
PL1 8 = base(0:608; 0:190; 0:194) (4.21)
OL1 8 = base(0:605; 0:561; 0:357; 0:436) (4.22)
?? 1-9????????????????
PL1 9 = box(3Q
5
;
(P + c+ l2) sin  cos    c
3
; c+ 0:1) (4.23)
OL1 9 = box(3:138; 1:007; 0:041) (4.24)
PR1 9 = box(P   (P + c+ l2) sin2 ; (P + c+ l2) sin  cos    c; c) (4.25)
OR1 9 = box( 3:042; 1:036; 3:063) (4.26)
?? 1-10????????????????????????
PL1 10 = box(3Q
5
;
(P + c+ l2) sin  cos    c
3
; c) (4.27)
?? 1-11?????????????????
PR1 11 = box(Q
2
; (P + c+ l2) sin  cos    c  0:025; c+ 0:1) (4.28)
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?? 1-12???????????????????
PR1 12 = box( 0:1; (P + c+ l2) sin  cos    c  0:025; c+ 0:1) (4.29)
?? 1-13????????????????????????????????????
PR1 13 = box( 0:2; 0:1; c+ 0:1) (4.30)
4.3.5 ???????
????? 2??????????????????????????????????
???????????????????????????????????? 4.18???
??? 2-1???? 2-4??????







? 4.18: ?? 2???????
?? 2-1????????????????????????
PR2 1 = box( 0:01; 0:02; 0:03) (4.31)
OR2 1 = box(3:122; 0:004; 0:059) (4.32)
55
?? 2-2????????????????????????
PR2 2 = box( 0:01; 0:02; 0:03) (4.33)
?? 2-3???????????
PR2 3 = box(0:0; 0:02; 0:03) (4.34)
?? 2-4?????????????????
PR2 4 = base(0:574; 0:387; 0:178) (4.35)
OR2 4 = base(0:633; 0:774; 0:025; 0:001) (4.36)
????????????? 4.19?????? 1?????? 2-6??????????
????????????? 2-8??????????????????????????





	
? 4.19: ?? 2?????
?? 2-5????????????? 5[cm]??????????
PR2 5 = base(Psp   (P + c+ l2) sin  cos ;
 (P + c+ l2) cos2    0:05; Pdh + c+ 0:02) (4.37)
OR2 5 = base( 0:161; 0:819; 0:551; 0:002) (4.38)
?? 2-6???????????
PR2 6 = base(Psp   (P + c+ l2) sin  cos ; (P + c+ l2) cos2    0:05; Pdh) (4.39)
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?? 2-7???????????????
PR2 7 = base(Psp   (P + c+ l2) sin  cos ; (P + c+ l2) cos2  + 0:02; Pdh) (4.40)
?? 2-8????????????????
PR2 8 = base(Psp   (P + c+ l2) sin  cos  + b
2
;
 (P + c+ l2) cos2    b
2
tan(

2
  ) + 0:02; Pdh) (4.41)
?? 2-9?????????????
??????????????????????????? 4.20??????????
???


 
? 4.20: ?? 2??????
?? 2-10??????????
PL2 10 = box(Q
2
+ 0:05;
(P + c+ l2) sin  cos    c
3
; c+ 0:03) (4.42)
OL2 10 = box(3:045; 1:002; 0:083) (4.43)
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?? 2-11???????????????????
PL2 11 = box(Q
2
  0:02; (P + c+ l2) sin  cos    c
3
; c+ 0:03) (4.44)
?? 2-12????????????????
PL2 12 = box(Q
2
  0:02; (P + c+ l2) sin  cos    c
3
; c+ 0:01) (4.45)
?? 2-13????????????????????????? 2??????
PL2 13 = box(l2; (P + c+ l2) sin  cos    c
3
; c) (4.46)
4.3.6 ???????
?? 3??????????????? 4.21, 4.22?????????????????
?????????????????????






	





	



? 4.21: ???????? ? 4.22: ????????
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?? 3-1?????????????????
PR3 1 = base(Psp   (P + c+ l2) sin  cos  + b; 0:1; Pdh + c+ 0:1) (4.47)
OR3 1 = base( 0:161; 0:819; 0:551; 0:002) (4.48)
?? 3-2????????????????????????????????????
??????????
PL3 2 = box(P   (P + c+ l2) sin2 ; (P + c+ l2) sin  cos    c
2
; c) (4.49)
OL3 2 = box(3:06; 1:00; 0:09) (4.50)
PR3 2 = box( 0:05; b+ 0:03; 0:03) (4.51)
OR3 2 = box(3:08; 0:0; 1:60) (4.52)
?? 3-3????????????????
PR3 3 = box(0:02; b+ 0:03; 0:03) (4.53)
?? 3-4????????????????
PR3 4 = box(0:02; b; 0:03) (4.54)
?? 3-5????????????????????
PR3 5 = box( 0:1; b+ 0:03; c) (4.55)
?? 3-6???????????????????????????????
PL3 6 = box(a+ 0:1; b
2
; c+ 0:1) (4.56)
OL3 6 = box(3:06; 1:00; 0:09) (4.57)
PR3 6 = box( 0:1; b
2
; c+ 0:1) (4.58)
OR3 6 = box( 2:2; 0:0; 1:5) (4.59)
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?? 3-7????????????????????????????????
PL3 7 = box(a+ 0:1; b
2
;
c
2
) (4.60)
OL3 7 = box( 2:2; 0:0; 1:5) (4.61)
PR3 7 = box( 0:1; b
2
;
c
2
) (4.62)
OR3 7 = box( 2:2; 0:0; 1:5) (4.63)
?? 3-8?????????????
PL3 8 = box(a; b
2
;
c
2
) (4.64)
PR3 8 = box(0:0; b
2
;
c
2
) (4.65)
?? 3-9??????????????
1? 0?? 90?? 10?????????
PL3 9 = box((a  0:01) cos 1; b
2
  (a  0:01) sin 1; c
2
) (4.66)
(4.67)
?? 3-10?????????????????????????
PL3 10 = box2(a;  b
2
;
c
2
) (4.68)
OL3 10 = box2( 2:2; 0:0; 3:0) (4.69)
PR3 10 = box2(0:0;  b
2
;
c
2
) (4.70)
OR3 10 = box2( 2:2; 0:0; 0:0) (4.71)
?? 3-11?????????????????
PL3 11 = box2(a+ 0:05;  b
2
;
c
2
) (4.72)
PR3 11 = box2( 0:05;  b
2
;
c
2
) (4.73)
? 4.23, 4.24?????????????????????? 3-14??????????
??????????????????????????????????????
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? 4.25: ?? 3??????????
? 4.25?????????????????? 3-17????? 30??????????
??????????? 3-20???????????
?? 3-17???????????????????????????????
2 = 10?i? 1?? 3??
PL3 17 = box2(a
2
; (b  0:02) sin(i 2); (b  0:02) cos(i 2)) (4.82)
PR3 17 = box2(a
2
; c+ 0:02 i; b  0:02) (4.83)
?? 3-18??????????????????? 3-15???
?? 3-19?????????????
PR3 19 = box2(a
2
; c; 0:0) (4.84)
?? 3-20???????????????????????????? box2???? y?
?????????????????
3 = 10?i? 4?? 8??
PL3 20 = box2(a
2
; (b  0:02) sin(i 3); (b  0:02) cos(i 3)) (4.85)
PR3 20 = box2(a
2
;  c
2
cos(i 3); c
2
sin(i 3)) (4.86)
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?? 3-21?????????????????
PL3 21 = box2(a
2
; b+ 0:1; 0:0) (4.87)
PR3 21 = box2(a
2
; c  0:1; 0:03) (4.88)
4.3.7 ???????
?? 4??????????????????? 3?????? 4??? 4.26,4.27???
???????? 1,2????????????





	



? 4.26: ?? 4??????????????
?? 4-1?????????????????
PL4 1 = box2(0:05; b
2
; c+ 0:1) (4.89)
OL4 1 = box2( 3:140; 1:007; 1:534) (4.90)
PR4 1 = box2(a+ 3
4
c; 0:05; 3
4
c) (4.91)
OR4 1 = box2(3:078; 0:002; 3:114) (4.92)
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





	


? 4.27: ???????????
?? 4-2????????????
PL4 2 = box2(0:05; b
2
; c) (4.93)
?? 4-3???????????????
PR4 3 = box2(a+ 3
4
c; 0:01;
3
4
c) (4.94)
?? 4-4????????????????
PR4 4 = box2(a+ 3
4
c; 0:1; c+ 0:1) (4.95)
?? 4-5???????????????????????????????????
PR4 5 = box2(a+ 0:05; 0:05; 0:0) (4.96)
OR4 5 = box2(2:143; 0:069; 3:141) (4.97)
?? 4-6????????????????????????????????????
????
PR4 6 = box2(a+ c; 0:05; 0:0) (4.98)
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?? 4-7??????????????????????????
PR4 7 = box2(a+ c; 0:0; 0:0) (4.99)
?? 4-8?????????????????????
PR4 8 = box2(a+ r1; L cos ; 0:0) (4.100)
?? 4-9??????????????
?????????
OR4 9 = box2( 3:050; 1:027; 1:5) (4.101)
?? 4-10???????????????????? 1?????
PL4 10 = box2(a
2
; 2b; 2c) (4.102)
PR4 10 = box2(a  r2; L cos ; c) (4.103)
?? 4-11?????????????????????????????
PL4 11 = box2(a  0:03; b  0:04; c+ 0:1) (4.104)
?? 4-12??????????????????????????
PL4 12 = box2(a  0:03; b  0:04; c  0:005) (4.105)
?? 4-13?????????????????
PR4 13 = box2(a  r2; L cos ; c+ 0:1) (4.106)
?? 4-14???????????????????????
PR4 14 = box2(a  0:03; 0:03; c) (4.107)
?? 4-15?????? 4-10??????????????
?? 4-16?????? 4-10??????????????
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4.3.8 ???????
?? 5???????????????? f ??????? 5????????????
?????????????????????????????????????????
?? 4.28, 4.29????????????????? 4.28???LH ??????????
????
LH = W   (2b+ 2c+ ) cos    w (4.108)





	





? 4.28: ?? 5??????????????
?? 5-1????????????????????
PL5 1 = box2(a  0:025; 4
5
b; c+ 0:1) (4.109)
OL5 1 = box2( 2:113; 0:048; 3:113) (4.110)
PR5 1 = box2(a  r2; L cos ; c  0:005) (4.111)
OR5 1 = box2( 3:064; 1:023; 1:506) (4.112)
?? 5-2?????????????????
PL5 2 = box2(a  0:025; 4
5
b; c) (4.113)
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


	





? 4.29: ????
?? 5-3???????????????????
PR5 3 = box2(a  0:05; b
2
; c+ 0:1) (4.114)
OR5 3 = box2( 3:064; 1:023; 1:506) (4.115)
?? 5-4????????????????
PR5 4 = box2(a  0:05; b
2
; c  0:005) (4.116)
?? 5-5?????????????????
PL5 5 = box2(a+ 0:05; b+ 0:03; c+ 0:1) (4.117)
?? 5-6?????????????
OL5 6 = box2( 3:116; 0:033; 1:644) (4.118)
?? 5-7???????????????
PL5 7 = box2(a+ 0:05; b+ 0:03; 0:03) (4.119)
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?? 5-8??????????
PL5 8 = box2(a  0:01; b+ 0:03; 0:03) (4.120)
?? 5-9?????????????
PL5 9 = box2(a; b+ 0:1; c+ 0:1) (4.121)
?? 5-10????????? 5-1???
?? 5-11???????????????????
PL5 11 = box2(a+ 0:05; b+ c; 0:0) (4.122)
?? 5-12?????????????????
PL5 12 = box2(a  0:02; b+ c; 0:0) (4.123)
?? 5-13???????? 3cm?????
PL5 13 = box2(LH sin ; b+ r1   0:03; 0:0) (4.124)
?? 5-14??????????????????
PL5 14 = box2(LH sin ; b+ r1; 0:0) (4.125)
?? 5-15??????????????
?? 5-16???????????????????????????
PL5 16 = box2(LH sin ; b  r2; c  0:005) (4.126)
?? 5-17????????
PR5 17 = box2(a  0:05; b
2
; c+ 0:01) (4.127)
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?? 5-18???????????
PR5 18 = box2(a  0:05; 0:1; c+ 0:1) (4.128)
?? 5-19????????????
PR5 19 = box2(0:05; 0:1; c+ 0:1) (4.129)
?? 5-20?????????????????????
PR5 20 = box2(0:05; b  0:025; c+ 0:1) (4.130)
?? 5-21?????????????????
PR5 21 = box2(0:05; b  0:025; c  0:005) (4.131)
?? 5-22???? 1cm??
PL5 22 = box2(LH sin ; b  r2; c+ 0:01) (4.132)
?? 5-23??????????????
PL5 23 = box2(LH sin  + (r2   0:05) tan(
2
  ); b  0:05; c+ 0:01) (4.133)
?? 5-24?????????????????????????
PL5 24 = box2(LH sin  + (r2   0:05) tan(
2
  ); b  0:05; c  0:005) (4.134)
?? 5-25??????
PR5 25 = box2(0:05; b  0:025; c+ 0:1) (4.135)
?? 5-26????????
PR5 26 = box2(0:0; b; c+ 0:1) (4.136)
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4.4 ???
???????Baxter?????????????ROS??????????????
?????????????????????????????????????????
???????????????????????????? 0???? 5???????
???????????? 3???????????????
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?5? ???????????????
? 4??????????????????????????????????????
?????????????????????????????????????????
???
5.1 ?????????
????????????????????????????????????????
?????? a; b; c????????????????????????????????
?????
????????????????????????????????????????
???????????????? 2?5??????????????????????
??????????????
????????????????????????????????????????
?????????????????????????????????????????
???????????? 3????????????????????????????
??????????????????????????????????????
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5.1.1 ??????????
????????????????????????????????????????
?????????????????????????????????????????
?????????????????????????????????????????
?????????????????????????????????????????
?????
???????????????????? 5.1???????????????????
?? p1?p27???? 4.3.1????? box????????????box????????
?? x?? y???????? p1???????
 








	


  





 










	
? 5.1: ??????????
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???? 1,2????????????? p4p9,p3p10,p3p6,p3p8,p1p5,p3p7,p2p11????
p1 =
box(0; 0) (5.1)
p2 =
box( c; 0) (5.2)
p3 =
box(0; c) (5.3)
p4 =
box( (c+ l2); 0) (5.4)
p5 =
box( (l2 + c) sin2 ; c) (5.5)
p6 =
box( (l2 + c) sin4 ; c  (l2 + c) sin3  cos ) (5.6)
p7 =
box(0; c  (l2 + c) sin3  tan ) (5.7)
p8 =
box(Q; c) (5.8)
p9 =
box(P; 0) (5.9)
?? 3????????????? p10p17,p11p19,p10p16,p11p15,p12p18????
p10 =
box(0; b) (5.10)
p11 =
box( c; b) (5.11)
p12 =
box(0; b+ c) (5.12)
p13 =
box(0; 2b+ c) (5.13)
p14 =
box(0; 2b+ 2c) (5.14)
p15 =
box( c  ((b+ 2c+ ) sin    c cos ) cos ;
b+ ((b+ 2c+ ) sin    c cos ) sin ) (5.15)
p16 =
box( (b+ 2c+ ) sin  cos ;
b+ (b+ 2c+ ) sin2 ) (5.16)
p17 =
box(0; 2b+ 2c+ ) (5.17)
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?? 4????????????? p19p24,p18p23,p18p22,p19p21,p20p26????
p18 =
box(a; b+ c) (5.18)
p19 =
box(a; b) (5.19)
p20 =
box(a+ c; b+ c) (5.20)
p21 =
box(a+ ((a  b tan  + c+ ) cos    c sin ) cos ;
b  ((a  b tan  + c+ ) cos    c sin ) sin ) (5.21)
p22 =
box(a+ (a  b tan  + c+ ) cos2 ;
b+ c  (a  b tan  + c+ ) sin  cos ) (5.22)
p23 =
box(2a  b tan  + c+ ; b+ c) (5.23)
?? 5????????????? p13p24,p14p25,p24p26,p24p28,p24p27,p26p29????
p24 =
box(a; 2b+ c) (5.24)
p25 =
box(a; 2b+ 2c) (5.25)
p26 =
box(a+ c; 2b+ c) (5.26)
p27 =
box(a; 2b+ 2c+ (W   (W1 +W4)) tan ) (5.27)
p28 =
box(a+ ((W   (W1 +W4)) tan  + c) cos  sin ;
2b+ c+ ((W   (W1 +W4)) tan  + c) cos2 ) (5.28)
p29 =
box(a+ c+ (((W  W1  W4) tan  + c) cos    c sin ) sin ;
2b+ c+ (((W  W1  W4) tan  + c) cos    c sin ) cos ) (5.29)
74
5.2 ??
???????????? a; b; c???????????????????? 2?????
?????????????????????????????????????????
?????????????????????????????????????????
???? ????????? 20[mm]?????????? 5.2, 5.3? 2???????
???????????????????????????? 5.1???????
? 5.1: ???????????
a[mm] b[mm] c[mm]
???? 240 175 46
???? 200 200 50
? 5.2: ????
75
? 5.3: ????
5.3 ??
???????? 5.2????????? 3????????????????????
?????????????????????????????????????????
????????????????? 2????????????????????? 5.4?
5.5???????????????????????????????????????
1,2???????? 14[mm],25[mm]????????????????????????
????????????????????????????????????? 5.6,5.7?
???
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 
	 

 
? 5.4: ??? 1???????
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 
	 

 
? 5.5: ??? 2???????

? 5.6: ??? 1???
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? 5.2: ????????????????
???? ????
?????? [] 46.7 36.0
?????H[mm] 422.49 421.38
?????W[mm] 559.28 602.82
???????? (?)h[mm] 86.26 115.73
???????? (?)w[mm] 61.48 60.76
???? 29? 15? 30? 20?
? 5.7: ??? 2???
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5.4 ??
????????????????????????????????????????
?????????????????????????????????????????
?????????????????????????????????????? 14[mm]
?????????????????????????????????????????
?????????????????????????????????????????
?????????????????????????????????????????
?????????????????????????????????????????
?????????????????????????????????????????
?????????????????????????????????????
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5.5 ???
????????????????????????????????????????
?????????????????????????????????????????
?????????????????????????????????????????
??????14[mm]??????????????????????????
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?6? ??
6.1 ???????
????????????????????????????????????????
????????????????????????
1. ??????????????????
2. ?????????????????????
3. ??????????????
??????????????????????? 3?????????????????
?????????????????????????????????????????
?????????????????????????????????????????
?????????????????????????? 3??????????????
??????????????????????????????????????????
???????????????????????? 3???????????????
?????????????????????????????????????????
?????????????
????????????????????????????????????????
?????????????????????????????????????????
?????????????????????????????????????????
??????
82
?????????????????????????????????????????
?????????????????
6.2 ?????
????????????????????????????????????????
???????????????????????????????????????
????????????????????????????????????????
?????????????????????????????????????????
???????????????????????????????
????????????????????????????????????????
?????????????????????????????????????????
?????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????
????????????????????????????????????????
?????????????????????????????????????????
?????????????????????????????????????????
???????????????????????????
????????????????????????????????????????
?????????????????? 3??????????????????????
???????????? 4??? 5????????????????????????
?????????????????????????????????????????
?????????????????????????????????????????
?????????????????????
????????????????????????????????????????
?????????????????????????????????????????
????????????????????????????????????
83
??
??????????????????????????????????? ?????
?????????????????????????????????????????
????????????? ????????????????????????????
??????? ?????????????????????????????????
?????????????????????????????????????????
???????????????????????????
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